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Summary
In this review, we summarize the involvement of ascorbic acid in neurodegenerative 
diseases by presenting available evidence on the behavioral and biochemical effects of 
this compound in animal models of neurodegeneration as well as the use of ascorbic 
acid as a therapeutic approach to alleviate neurodegenerative progression in clinical 
studies. Ascorbate, a reduced form of vitamin C, has gained interest for its multiple 
functions and mechanisms of action, contributing to the homeostasis of normal tissues 
and organs as well as to tissue regeneration. In the brain, ascorbate exerts neuromodu-
latory functions and scavenges reactive oxygen species generated during synaptic ac-
tivity and neuronal metabolism. These are important properties as redox imbalance 
and abnormal protein aggregation constitute central mechanisms implicated in the 
pathogenesis of neurodegenerative diseases, including Alzheimer’s, Parkinson’s, and 
Huntington’s diseases, multiple sclerosis, and amyotrophic lateral sclerosis. Indeed, 
several studies have indicated an association between low serum ascorbate concen-
trations and neurodegeneration. Moreover, ascorbic acid is a suitable candidate for 
supplying either antioxidant defense or modulation of neuronal and astrocytic me-
tabolism under neurodegenerative conditions. Ascorbic acid acts mainly by decreasing 
oxidative stress and reducing the formation of protein aggregates, which may contrib-
ute to the reduction of cognitive and/or motor impairments observed in neurodegen-
erative processes. Although several studies support a possible role of ascorbic acid 
administration against neurodegeneration, more researches are essential to substanti-
ate the existing results and accelerate the knowledge in this field.
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1  | INTRODUCTION

Neurodegenerative diseases are a range of conditions that are char-
acterized by the progressive functional and structural degeneration of 
the central or peripheral nervous system. They comprise a set of over 
600 diseases, including Alzheimer’s, Parkinson’s, and Huntington’s 
diseases, multiple sclerosis, and amyotrophic lateral sclerosis. 
Excitotoxicity, the specific type of toxicity mediated by glutamate, 
is a hallmark of neurodegenerative diseases. Neuronal excitotoxicity 
is associated with calcium overload and mitochondrial dysfunction, 

which may result in energy supply deficiency as well as generation of 
high levels of reactive oxygen species such as superoxide anion, hy-
droxyl radical, and hydrogen peroxide, crucial contributors to neuronal 
death. This common feature in different neurodegenerative diseases 
suggests that disorders with distinct genetic etiologies may share ex-
citotoxicity and its consequences as a common pathogenic pathway.1

The pathogenesis of neurodegenerative diseases also involves 
atypical accumulation of misfolded proteins and aggregation of 
disease-specific proteins, which are deposited in intracellular in-
clusions or extracellular aggregates. Commonly implicated proteins 
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include tau and amyloid-β (Aβ) in Alzheimer’s disease, α-synuclein in 
Parkinson’s disease, and huntingtin in Huntington’s disease. Protein 
aggregates are also observed in multiple sclerosis2 and amyotrophic 
lateral sclerosis,3 although further studies are required to confirm the 
role of soluble aggregates in these diseases.

Ascorbic acid, a water-soluble vitamin essential for several physio-
logical processes in the human body, is concentrated in the brain and 
is involved in the central nervous system (CNS) homeostasis. Figure 1 
shows ascorbate uptake and metabolism in the CNS. Ascorbate enters 
the CNS by slow transport from plasma to the cerebrospinal fluid across 
the choroid plexus epithelium, via type 2 sodium-dependent transport-
ers (SVCT2). If considerable amounts of dehydroascorbate (oxidized 
form of ascorbate) are present in the blood, it can rapidly enter the CNS 
via glucose transporters (GLUT1) present in the blood-brain barrier en-
dothelium. Once in the cerebrospinal fluid, ascorbate or dehydroascor-
bate enters the neurons through SVCT2 or GLUT1, respectively; 
dehydroascorbate can be reduced to ascorbate or released by GLUT1. 

Ascorbate serves as a one-electron donor, producing the ascorbate free 
radical, which is reduced back to ascorbate within cells by NADH- and 
NADPH-dependent reductases. Different from neurons, ascorbate up-
take in glial cells does not seem to involve SVCT2; they obtain ascorbate 
by the reduction in dehydroascorbate, uptaken by GLUT1.4

Neuronal and glial cells are very sensitive to oxidative stress 
and neurons appear to be particularly sensitive to ascorbate defi-
ciency; therefore, ascorbate recycling by astrocytes and neuronal 
uptake through SVCT2 transporters are important mechanisms in 
re-establishing or maintaining redox homeostasis under oxidative 
conditions.5 Notably, deregulation of cellular redox balance and in-
flammatory signaling has become increasingly discussed in modern 
view of neurodegenerative diseases mechanisms,6-10 raising the hy-
pothesis that ascorbic acid could have therapeutic roles against these 
diseases.

In addition to its antioxidant effects, it has been suggested 
that ascorbate exerts important neuromodulatory functions in the 

F IGURE  1 A, Ascorbate or 
dehydroascorbate enters the neurons 
through SVCT2 or GLUT1, respectively, 
being the transport via SVCT2 the primary 
form of neuronal uptake of this molecule. 
In the neuronal milieu, dehydroascorbate 
can be reduced to ascorbate or released 
back into the extracellular space by GLUT1. 
Ascorbate serves as a one-electron donor, 
producing the ascorbate free radical, 
which is reduced back to ascorbate within 
cells. Glial cells obtain dehydroascorbate 
(uptaken by GLUT1), which is subsequently 
reduced to ascorbate.4 Ascorbate transport 
from astrocytes to the extracellular 
environment has been linked to glutamate 
uptake in a process termed “ascorbate-
glutamate heteroexchange.” Under 
physiological conditions, ascorbate exerts 
antioxidant and neuromodulatory functions 
in the CNS. B, Under neurodegenerative 
conditions, there is a failure in neuronal 
ascorbate uptake, leading to ascorbate 
deficiency in brain areas affected by 
neurodegeneration, worsening the redox 
imbalance, metabolic failure, and tissue 
damage in these areas

(A)

(B)
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CNS. Its functional role in modulating glutamatergic neurotrans-
mission11-13 is of particular interest, as degenerative processes are 
associated with neurotoxic effects produced by excessive gluta-
mate availability in the synaptic cleft, due to excessive release or 
impaired uptake of this neurotransmitter.14 The effects of ascorbate 
on the glutamatergic system could be due to redox modulation 
of the NMDA receptor itself by ascorbate,13 or to direct scaveng-
ing of reactive oxygen species generated by receptor activation. 
Moreover, ascorbate transport from astrocytes to the extracellu-
lar environment has been linked to glutamate uptake in a process 
termed “ascorbate-glutamate heteroexchange,”12 which decreases 
extracellular glutamate levels and, in turn, reduces excitotoxicity 
and pro-oxidative damage.

Outstandingly, some studies have suggested a failure in neuronal 
ascorbate uptake in inflammatory and neurodegenerative events.15 
The concept that intracellular ascorbate is critical for protection 
against oxidative stress and neuromodulation leads to the assumption 
that ascorbate deficiency in brain areas affected by neurodegenera-
tion or inflammation will worsen redox imbalance, metabolic failure, 
and tissue damage.

Considering the involvement of ascorbate in the regulation of the 
CNS function, we present clinical and nonclinical studies that have in-
vestigated the association of this compound with neurodegenerative 
diseases. We focus on behavioral and biochemical effects of ascorbic 
acid administration in animal models that are suitable for this area of 
research, as well as clinical studies that target the potential therapeu-
tic use of ascorbic acid.

2  | ROLE OF ASCORBIC ACID IN 
NEURODEGENERATIVE DISEASES

2.1 | Alzheimer’s disease

Alzheimer’s disease, the most common form of neurodegenerative 
dementia, is a multifaceted disorder whose progression depends on 
several genetic, environmental, and physiological factors.16 The po-
tential beneficial effects of ascorbic acid have been investigated in 
animal models of Alzheimer’s disease with encouraging results. Using 
a mouse model, Murakami and colleagues17 demonstrated that a 6-
month treatment with ascorbic acid restored behavioral deficits and 
reduced the formation of Aβ oligomers. This attenuation of Aβ oli-
gomerization was accompanied by decreased brain oxidative damage 
and reduced ratio of soluble Aβ42 to Aβ40, a characteristic indicator 
of disease progression. In the same study, the authors showed that 
ascorbic acid restored the declined brain synaptophysin and phos-
phorylation of Tau at Ser39. In agreement with these findings, the 
treatment with ascorbic acid reduced oxidative stress markers and 
proinflammatory cytokines in rats that received hippocampal (CA1) 
injection of fibrillar Aβ.18 Data from another study revealed that ascor-
bic acid completely abolished the increase in intracellular calcium and 
cell death induced by Aβ in PC12 cells.19

Sil et al20 have investigated the role of ascorbic acid on the 
neuroinflammation-mediated neurodegeneration and memory 

impairments in colchicine-induced rat model of Alzheimer’s disease. 
The authors reported that administration of ascorbic acid (200 and 
400 mg/kg for 21 days) resulted in recovery of memory impairments, 
with prevention of neurodegeneration and neuroinflammation in the 
hippocampus of colchicine-induced Alzheimer’s disease rats. Moreover, 
inflammation parameters (TNF-α, IL-1β, reactive oxygen species, and 
nitrite levels) in the serum of colchicine-induced Alzheimer’s disease 
rats were also recovered at 200 and 400 mg/kg dose of ascorbic acid. 
Interestingly, colchicine-induced Alzheimer’s disease rats treated with 
600 mg/kg of ascorbic acid showed greater memory impairment, neu-
rodegeneration, and neuroinflammation in the hippocampus paralleled 
with alteration of peripheral immune responses in comparison with 
colchicine-treated rats that did not receive ascorbic acid. Therefore, it 
seems that ascorbic acid at lower doses shows antioxidant effect and 
at higher dose induces pro-oxidant/neurotoxic effects in colchicine-
induced Alzheimer’s disease model.

Very recently, Olajide et al21 examined the effects of ascorbic acid 
on behavioral and cortical and hippocampal neurochemical changes 
elicited by repeated administration of aluminum chloride (AlCl3), a 
model of Alzheimer’s disease, in rats. A 15-day treatment with ascor-
bic acid (100 mg/kg daily) significantly decreased behavioral deficits 
in rats through inhibition of molecular and cellular stressor proteins 
activated by AlCl3. The main mechanisms underlying ascorbic acid 
therapeutic effects seem to be related to its ability to scavenge free 
radicals, prevent membrane lipid peroxidation, modulate neuronal bio-
energetics, and inhibit acetylcholinesterase and through its antipro-
teolytic properties.

An interesting hypothesis raised by Dixit et al22 is that decreased 
brain ascorbate could induce oxidative stress at an early age and ac-
celerate the development of pathological changes such as Aβ depo-
sition and the consequent cognitive deficits. This hypothesis came 
from data showing that mice with a lifelong decrease in ascorbic acid 
presented changes from a much earlier stage of amyloid accumulation, 
at 6 months. Furthermore, ascorbic acid administration (1 mmol/L) 
suppressed reactivity of the Aβ A11, an antibody that recognizes a 
specific conformation of toxic, prefibrillar Aβ oligomers, in Tg2576 
fibroblasts.23

Clinical studies have also investigated the relationship between 
Alzheimer’s disease and ascorbic acid intake or plasma levels of 
ascorbate, but results do not allow us to come to definitive conclu-
sions. Riviere et al24 found that plasma ascorbate levels are lower in 
Alzheimer’s disease individuals in proportion to the degree of cogni-
tive impairment, despite adequate ascorbic acid intake. Morris et al25 
investigated the relation between the use of vitamins E and ascor-
bic acid and the risk of incident Alzheimer’s disease in a prospective 
study with a sample of 633 people aged 65 years and older. It was 
shown that none of the individuals supplemented with ascorbic acid 
had Alzheimer’s disease over the follow-up period (mean of 4 years). 
Basambombo et al26 recently evaluated whether the use of vitamins 
E and C supplements is associated with reduced risks of cognitive 
impairment, dementia, Alzheimer’s disease, or all-cause dementia 
in a sample of 5269 persons ≥65 years old. Compared with those 
not taking vitamin supplements, individuals using vitamin E and/or 
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vitamin C supplements presented reduced risk of cognitive decline 
and Alzheimer’s disease. In line with these findings, a study with over 
5000 participants revealed that high intake of ascorbic acid was asso-
ciated with lower risk of Alzheimer’s disease after a mean follow-up 
period of 6 years.27 Conversely, another prospective study conducted 
with a sample of 815 community-dwelling residents 65 years and 
older and free of Alzheimer’s disease at baseline found that intake of 
ascorbic acid was not significantly associated with risk of this disease 
during the follow-up period (mean of 3.9 years).28 Finally, the com-
bined supplementation with vitamin E and ascorbic acid was reported 
to be associated with reduced prevalence and incidence of Alzheimer’s 
disease in a cross-sectional and prospective study with individuals 
65 years or older. However, ascorbic acid alone did not reduce the 
risk for this disease.29 The main findings on the association between 
ascorbic acid and Alzheimer’s disease are shown in Table 1.

2.2 | Parkinson’s disease

The discovery that α-synuclein, the main component of the patho-
logical protein aggregates known as Lewy bodies, is genetically and 
neuropathologically linked to Parkinson’s disease has dramatically 
evolved the knowledge regarding the pathogenesis of this disease. 
Studies have shown a significant effect of ascorbate on α-synuclein. 
For instance, ascorbate may directly reduce α-synuclein-Cu2+ (which 
accelerates the formation of toxic aggregates) to α-synuclein-Cu+, 

setting up a redox cycle in which O2 is reduced to H2O2 and cellu-
lar redox species are continuously exhausted.30 Moreover, ascorbic 
acid reduces the formation of α-synuclein by preventing the exces-
sive ROS formation in Saccharomyces cerevisiae cells.31 Importantly, 
overexpressed α-synuclein is believed to increase the sensitivity of 
dopaminergic neurons to oxidative damage, causing mitochondrial 
dysfunction,32 alterations that may be related to the possible mecha-
nisms by which ascorbic acid may be helpful for the management of 
Parkinson’s disease.

In patients with severe Parkinson’s disease, lymphocyte ascorbate 
levels were reported to be lower as compared to patients at less severe 
stages, suggesting that lymphocyte ascorbate levels could be a poten-
tial biomarker for progression of the disease.33 However, Fernandez-
Calle et al34 found that patients with Parkinson’s disease and healthy 
individuals have similar serum levels of ascorbic acid. Moreover, serum 
levels of this vitamin did not correlate with age, or age at onset and du-
ration of Parkinson’s disease. Another study showed that ascorbic acid 
levels in leukocytes were higher in patients with Parkinson’s disease as 
compared to age-matched control subjects with equivalent disability 
resulting from non-neurological diseases.35

The association between the intake of antioxidant vitamins, in-
cluding ascorbic acid, and Parkinson’s disease risk was prospectively 
examined in two large cohort studies.36 It was revealed that di-
etary ascorbic acid intake was significantly associated with reduced 
Parkinson’s disease risk; however, this result was not significant in 

TABLE  1 Clinical studies that investigated the relation between ascorbic acid and Alzheimer’s disease

Reference Study design Sample Measurement/intervention Main findings

24 Case-control Patients with Alzheimer’s disease 
divided in 4 groups: severe 
Alzheimer (N = 20); moderate 
Alzheimer (N = 24); hospitalized 
Alzheimer (N = 9); control group 
(N = 19)

Comparison of ascorbate plasma 
levels and assessment of ascorbic 
acid intake and nutritional status

Plasma ascorbate is ↓ in Alzheimer’s 
disease in proportion to the degree 
of cognitive impairment, an effect 
not explained by lower ascorbic acid 
intake

25 Prospective 
cohort study

633 disease-free persons 65 y and 
older

The relation between use of ascorbic 
acid and incident Alzheimer’s 
disease

None of the 23 ascorbic acid users 
had Alzheimer’s disease compared 
with 3.3 predicted based on the 
crude observed incidence among 
nonusers and 3.2 predicted adjusted 
for age, sex, education, and follow-up 
interval (4.3 y)

26 Prospective 
cohort study

5269 individuals ≥65 y old, free of 
dementia at baseline

The relation between vitamin E and 
C supplements and risks of 
cognitive impairment, not 
dementia, Alzheimer’s disease, or 
all-cause dementia

The use of vitamin E and C supple-
ments was associated with decreased 
risks of all-cause dementia and 
Alzheimer’s disease

27 Prospective 
cohort study

5395 participants aged at least 
55 y, free of dementia at 
baseline

The relation between dietary intake 
of antioxidants and risk of 
Alzheimer’s disease

↑ intake of ascorbic acid was 
associated with ↓ risk of Alzheimer’s 
disease

28 Prospective 
cohort study

815 community-dwelling 
residents 65 y and older, free of 
Alzheimer’s disease at baseline

Association between intake of 
ascorbic acid and incident 
Alzheimer’s disease

Intake of ascorbic acid was not 
significantly associated with risk of 
Alzheimer’s disease

29 Cross-sectional 
and prospective 
study

5092 elderly residents free of 
Alzheimer’s disease at baseline

Relationship between antioxidant 
supplement use and risk of 
Alzheimer’s disease

Use of vitamin E and ascorbic acid 
supplements in combination is 
associated with ↓ prevalence and 
incidence of Alzheimer’s disease
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a 4-year lag analysis. These findings suggest that intake of ascor-
bic acid, as well as vitamin E and carotenoids, at least at the levels 
consumed in these cohorts, does not substantially affect the risk of 
Parkinson’s disease. Using data from a multicenter hospital-based 
case-control study, Miyake et al37 also investigated the relationship 
between dietary intake of selected antioxidant vitamins, vegetables, 
and fruits and the risk of Parkinson’s disease in Japan. The authors 
found no substantial associations between intake of vitamin C,  
α-carotene, cryptoxanthin, green and yellow vegetables, other veg-
etables, or fruits and the risk of Parkinson’s disease. In agreement 
with these findings, in two large cohorts of men and women who 
completed detailed and validated semiquantitative food frequency 
questionnaires, high ascorbic acid consumption did not reduce the 
risk of Parkinson’s disease.38

Regarding clinical trials evaluating the effect of ascorbic acid in 
patients with Parkinson’s disease, Fahn39 showed that patients with 
early Parkinson’s disease using high dosages of tocopherol and ascor-
bic acid in combination had a 2.5 years of delay in the time to initiation 
of levodopa therapy, suggesting that the combined administration of 
these antioxidants may slow the progression of this disease. However, 
these results do not allow us to detect the individual contribution of 
ascorbic acid for this effect. In a double-blind crossover investigation, 
ascorbic acid produced a modest improvement in functional perfor-
mance of patients with Parkinson’s disease who experienced on-off 
effects, but no significant alteration was found in the pattern of on-off 
effects, severity of parkinsonism/dyskinesia, or self-assessment rat-
ings.40 Table 2 summarizes results from studies investigating ascorbic 
acid and Parkinson’s disease association.

2.3 | Huntington’s disease

Huntington’s disease is a genetic neurodegenerative disorder char-
acterized by the progressive loss of neurons, mainly in the stria-
tum, which leads to movement abnormalities and cognitive deficits. 

Preclinical studies suggest that besides being associated with ascor-
bic acid deficiency, Huntington’s disease is linked to a deficit of 
ascorbic acid release into striatal extracellular fluid that either di-
rectly or indirectly affects glutamate release by cortical afferents.41 
Interestingly, Rebec et al42 showed that a 3-day injection of sodium 
ascorbate (300 mg/kg) returned the level of striatal extracellular 
ascorbate in R6/2 mice (a widely used mouse model of Huntington’s 
disease) to that of wild-type controls, suggesting a role for ascor-
bate in regulating neuronal function in Huntington’s disease stria-
tum. Acuña et al15 proposed that before behavioral symptoms of 
Huntington’s disease, astrocytes do not release ascorbate efficiently, 
suggesting a disturbed ascorbate homeostasis in the presympto-
matic stages of Huntington’s-like disease in mice. The same study 
revealed that an over-supplementation of R6/2 slices with exoge-
nous ascorbic acid is enough to produce an adequate ascorbate up-
take, an effect that is abolished by inhibition of ascorbic acid uptake 
(by anti-SVCT2 antibody). Moreover, during symptomatic stages of 
Huntington’s disease in mice, exogenous ascorbic acid is not able to 
induce the ascorbate transporter SVCT2 translocation to the plasma 
membrane, a process that depends on huntingtin. Considering the 
importance of ascorbate homeostasis in Huntington’s disease, new 
studies are required to investigate this compound as an adjunctive 
therapy in this pathology.

2.4 | Multiple sclerosis and amyotrophic 
lateral sclerosis

Multiple sclerosis is a chronic inflammatory disease of the CNS associ-
ated with demyelination, neurodegeneration, and increased oxidative 
stress. Besides its well-known role as a scavenger of free radicals,43 
ascorbate contributes for the synthesis of collagen, which is associ-
ated with myelin formation.4 Moreover, it is essential to promote 
Schwann cell myelin formation, as elegantly demonstrated by Eldridge 
et al.44 These properties of ascorbate have raised the hypotheses that 

TABLE  2 Findings on ascorbic acid and Parkinson’s disease association

Reference Study design Sample Measurement/intervention Main findings

36 Prospective 
cohort study

1036 Parkinson’s disease cases Associations between intakes of 
ascorbic acid, vitamin E, and 
carotenoids and risk of Parkinson’s 
disease

Dietary ascorbic acid intake was 
associated with reduced Parkinson’s 
disease risk, a result not significant in 
a 4-y lag analysis

37 Case-control 249 patients within 6 y of onset 
of Parkinson’s disease and 368 
healthy controls

Associations between intakes of 
ascorbic acid and risk of Parkinson’s 
disease

Ascorbic acid consumption did not 
reduce the risk of Parkinson’s disease

38 Prospective 
cohort study

76 890 women who were 
followed for 14 y and 47 331 
men who were followed for 
12 y

Associations between intakes of 
ascorbic acid or vitamin supplements 
and risk of Parkinson’s disease

Neither intake of total ascorbic acid or 
use of ascorbic acid supplements or 
multivitamins was significantly 
associated with risk of Parkinson’s 
disease

39 Open trial 15 patients with early 
Parkinson’s disease

Association between the use of high 
dosages of tocopherol and ascorbate 
and the time when levodopa became 
necessary

The time when levodopa became 
necessary was extended by 2.5 y in 
the group taking tocopherol + ascor-
bate compared with another group of 
patients not taking antioxidants
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this compound could be useful for the prevention and/or treatment 
of multiple sclerosis.

Babri et al45 investigated the effect of intrahippocampal injec-
tion of ascorbic acid and progesterone, alone or in combination, 
on passive avoidance learning in a rat model of multiple sclerosis 
induced by ethidium bromide. The authors reported that ascorbic 
acid improved memory for passive avoidance learning, but proges-
terone alone or in combination with ascorbic acid had no improving 

effects on memory. The effects of ascorbic acid in this model may 
be dependent on its modulatory role on neurotransmitter systems 
such as cholinergic46,47 and serotonergic47 systems. In addition, the 
activity of the enzyme acetyl cholinesterase, which has an essential 
role in learning and memory processes, was reported to be modu-
lated by ascorbic acid.48 Finally, the antioxidant properties of ascor-
bic acid49,50 may also contribute for its effect in models of multiple 
sclerosis.

TABLE  3 Epidemiological studies that investigated the relation between ascorbic acid and multiple sclerosis/amyotrophic lateral sclerosis

Reference Study design Sample Measurement/intervention Main findings

51 Cross-sectional 24 patients with multiple sclerosis and 
24 healthy sex- and age-matched 
control

Assessment of serum levels of 
ascorbate and lipid peroxidation

Decreased ascorbate in serum of 
patients with multiple sclerosis 
during an attack, an effect 
associated with increased lipid 
peroxidation products

52 Case-control 197 incident cases of multiple sclerosis 
and 202 matched controls

Association between intake of 
ascorbic acid and risk of multiple 
sclerosis

Higher intakes of ascorbic acid 
were negatively associated with 
the risk of multiple sclerosis

53 Prospective 
cohort study

Cohort 1: 81 683 women aged 38-63 y. 
Cohort 2: 95 056 women aged 27-44 y 
in

Association between intake of 
dietary ascorbic acid and the risk of 
multiple sclerosis

No associations between intakes 
of fruits and vegetables, use of 
ascorbic acid, or multivitamin 
supplements and the risk of 
multiple sclerosis

61 Case-control 153 patients with amyotrophic lateral 
sclerosis aged 18-81 and 306 
gender- and age-matched controls

Association between intake of 
ascorbic acid and risk of amyo-
trophic lateral sclerosis

Dietary ascorbic acid intake was 
not associated with amyotrophic 
lateral sclerosis risk

F IGURE  2 Neurodegenerative diseases are associated with increased reactive oxygen species (ROS) in the brain. The large amounts of 
ROS and impaired antioxidant defenses observed in these pathologies lead to neuronal oxidative stress, chronic inflammatory response, 
mitochondrial dysfunction, calcium dysregulation, glutamate hyperactivity, cell damage, and apoptosis. Most importantly, excessive ROS 
participates in events associated with protein aggregation and cognitive dysfunction through damaging effects on proteins, lipids, and DNA. 
Clinical and nonclinical studies have indicated that ascorbate (ASC) has neuroprotective effects mainly by reducing oxidative stress and 
formation of protein aggregates, which may contribute to the reduction of cognitive decline or motor deficits observed in these diseases
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Epidemiologic data associating ingestion of ascorbic acid to risk 
of multiple sclerosis are sparse and controversial. The serum levels of 
ascorbate were evaluated in 24 patients with multiple sclerosis and 24 
healthy sex- and age-matched individuals as control. It was observed 
that the levels of ascorbate, as well as other antioxidant vitamins 
(alpha tocopherol, beta-carotene, and retinol) were decreased in the 
serum of patients with multiple sclerosis during an attack, an effect 
associated with increased oxidative burden, as reflected by increased 
lipid peroxidation products.51 Another case-control study reported 
that higher intakes of ascorbic acid were negatively associated with 
the risk of multiple sclerosis.52 Zhang et al53 prospectively examined 
the association between intake of dietary ascorbic acid, and the risk of 
multiple sclerosis in two large cohorts of women who completed de-
tailed and validated semiquantitative food frequency questionnaires. 
The authors found no associations between intakes of fruits and veg-
etables, use of ascorbic acid, or multivitamin supplements and the risk 
of multiple sclerosis. In agreement with this finding, intakes of fruits 
and vegetables, which are rich in ascorbic acid, were not associated 
with the risk of multiple sclerosis in other studies.54-56

Amyotrophic lateral sclerosis is a progressive neurodegenerative 
disease of spinal cord motor neurons. It leads to atrophy of skeletal 
muscles, paralysis, and rapid progression to death. As copper toxic-
ity in motor neurons, free radical accumulation, and oxidative stress 
have been proposed as contributors to the progression of amyo-
trophic lateral sclerosis,57,58 the neuroprotective effect of the treat-
ment with trientine (a chelating agent for copper) and ascorbate was 
examined in familial amyotrophic lateral sclerosis transgenic mice. It 
was reported that the onset of neurological signs and the time to 
reach total paralysis in the group treated with trientine plus ascor-
bic acid was significantly delayed compared with that in the control 
group.59 In another study using the same model, mice administered 
with trientine or ascorbate alone before the onset of the disease 
survived significantly longer than the controls. The combined treat-
ment with a high dose of trientine and ascorbate initiated before the 
onset of the disease extended survival and improved motor function. 
Interestingly, none of the treatments administered after the onset of 
the disease prolonged survival, suggesting that better outcomes may 
be predictable by the administration of these agents at the preonset 
stage of the disease.60

As far as we know, there is only one study examining the asso-
ciation between dietary intake of ascorbic acid and the risk of amy-
otrophic lateral sclerosis. Using a self-administered questionnaire, 
Okamoto et al61 investigated the association between dietary intake 
of fruits, vegetables, and antioxidants and the risk of amyotrophic lat-
eral sclerosis in Japan. In this study, no statistically significant dose-
response relationship was observed between intake of ascorbic acid 
and the risk of amyotrophic lateral sclerosis, but higher intake of food 
rich in antioxidants such as fruits and vegetables conferred protection 
against the development of this disease.

Table 3 summarizes results from epidemiological studies that in-
vestigated the association between ascorbic acid and multiple scle-
rosis/amyotrophic lateral sclerosis. Undoubtedly, there is insufficient 
evidence of this association until now.

3  | CONCLUSIONS

Studies investigating the effects of ascorbic acid in neurodegenera-
tive diseases are still in their infancy, and the association between 
this neuromodulator and the diseases discussed here remains to be 
explored. As summarized in Figure 2, the current knowledge on the 
effects of ascorbic acid in neurodegenerative processes suggests that 
this compound acts mainly by decreasing oxidative stress and reduc-
ing the formation of protein aggregates, which may contribute to the 
reduction of cognitive and/or motor impairments observed in these 
neuropathologies. The available epidemiological studies in this regard 
are in general poorly designed, and underpowered, with low sample 
and of short duration. Although ours and other recently published re-
views62,63 have shown a possible beneficial effect of ascorbic acid ad-
ministration against neurodegeneration, more researches are clearly 
required to substantiate the existing results and accelerate the knowl-
edge in this field.
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